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Sir: 



n « ( D f de L the Provisions of 35 U.S.C. § 119 and 37 C.F.R. § 
1.55(a), the applicant (s) hereby claim(s) the right of priority 
based on the following application (s) : y 

Country Application No. Filed 

JAPAN 2001-005749 January 12, 2001 

= 1-*-= f Jr e K rtii l ied C ° PY ° f the ab °ve-noted application (s) is (are) 
attached hereto. 

If necessary, the Commissioner is hereby authorized in 
this concurrent, and future replies, to charge payment or 
credit any overpayment to Deposit Account No. 25-0120 for anv 
additional fee required under 37 C.F.R. §§ 1 16 or 1 17- 
particularly, extension of time fees. 

Respectfully submitted, 
YOUNG & THOMPSON 
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[Name of Document] SPECIFICATION 

[Title of the Invention] Optical Diffusion Element and Display Device 

[Scope of the Invention for Patent] 

[Claim 1] An optical diffusion element characterized in that the optical diffusion 
element is obtained by causing particles having a refractivity varying from the center to the 
periphery thereof to be self- fusion bonded. 

[Claim 2] An optical diffusion element as defined in claim 1, characterized in that 
said particle has an outermost component having a glass transition temperature lower than 
100°C. 

[Claim 3] An optical diffusion element as defined in claim 1 or 2, characterized in 
that optical diffusion element is formed with an optically transparent layer in contact with 
and adjacent to one of opposite surfaces of a layer of the particles that are self-fusion 
bonded. 

[Claim 4] An optical diffusion element as defined in claim 3, characterized in that 
the optical transparent layer is formed in a dry-film laminating method. 

[Claim 5] An optical diffusion element as defined in any one of the preceding 
claims 1 to 4, characterized in that the particle has a mean particle size between 0.5jxm - 
20jxm. 

[Claim 6] A display device characterized by using the optical diffusion element as 
defined in any one of the preceding claims 1 to 5. 

[Claim 7] A display device as defined in claim 6, characterized in that the optical 
diffusion element is formed within a liquid crystal cell. 
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[Detailed description of the invention] 
[0001] 

[Technical field of the invention] 
The present invention relates to an optical diffusion element and a display device, and, 
more particularly, to an optical diffusion element that can diffuse transmitted light forward 
without causing optical scattering, and a reflection type liquid crystal display which uses an 
optical diffusion film that does not lose light and provides a widened angle of view, an 
optical diffusion film that has no nature of depolarization even though it is put inside a 
polarization film, or a thin film optical diffusion element that shows high optical diffusion 
efficiency due to no nature of depolarization even though it is put within an inner surface of 
a liquid crystal cell and causes no turbulent orientation of liquid crystal. 
[0002] 
[Prior Art] 

Optical diffusion materials are used in the fields of light modulation materials, optical 
elements, optical display elements, etc. Recent years, advances are made in the utilization 
of an optical diffusion material for improvement of display quality and viewing angle 
characteristics of display elements such as liquid crystal displays is made advances. 
Conventionally employed for providing an optical diffusion element is, for example, a 
procedure of forming fine concavities and convexities on a surface like a frosted glass plate 
or a procedure of dispersing particles having a size from several microns to tens microns in 
a resin film. However, while an optical diffusion element made by these procedures can 
cause light scattering, it is accompanied by enhanced back scattering, so as to cause a 
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decrease in the amount of light transmission and/or deterioration of a contrast of a 
displayed image. In addition, depolarization occurs, so that the optical diffusion element is 
hard to be used for liquid crystal displays that are strongly demand in recent years. Further, 
when used as a display material, the optical diffusion element increase a load of a light 
source due to a small amount of light transmission. In light of the above, there is a demand 
for an optical diffusion element that causes less back scattering and no depolarization and 
has a high optical diffusibility. 
[0003] 

As a means for eliminating these drawbacks, it has been known to make use of refraction 
of light by forming concavities and convexities in the shape of lens. However, this 
technique is inferior in productivity due to vexatious complications in fabrication of fine 
concavities and convexities. In addition, when the diffusion material is used in cells of a 
liquid crystal display, the liquid crystal causes turbulent orientation and, as a result, liquid 
crystal display causes significant deterioration of display quality due to fine concavities and 
convexities that are sensitive to stains and impact. 
[0004] 

It has further been known to make use of fine particles. In particular, there has been 
known a light diffusion element which uses fine particles having such an uniform internal 
distribution that a refractivity varies from the center to the surface for the purpose of using 
not scattering of light by particles but using refraction of light. The optical diffusion 
element has a secured optical diffusibility while providing somewhat less back scattering. 
[0005] 
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However, in producing the optical diffusion element, the particles are dispersed in a 
binder and bonded together through the binder. As a result, it is difficult to increase an 
amount of particles existing the surface, so that the optical diffusion element is hard to have 
a sufficient optical diffusion effect and to be made as a thin film. 
[0006] 

[Problems to be solved by the invention] 
It is a primary object of the present invention to provide an optical diffusion element that 
can be made as a thin film and has a secured optical diffusibility while is restrained from 
causing back scattering of light. It is another object of the present invention to provide an 
optical display device that has a wide angle of view without losing light and no occurrence 
of depolarization. 
[0007] 

[Means for solving the problems] 
Specifically, the optical diffusion element of the present invention is: 
<1> An optical diffusion element characterized in that the optical diffusion element is 
obtained by causing particles having a refractivity varying from the center to the periphery 
thereof to be self-fusion bonded, 

<2> An optical diffusion element as defined in <1>, characterized in that said particle has 
an outermost component having a glass transition temperature lower than 100°C, 
<3> An optical diffusion element as defined in <1> or <2>, characterized in that optical 
diffusion element is formed with an optically transparent layer in contact with and adjacent 
to one of opposite surfaces of a layer of the particles that are self-fusion bonded, 
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<4> An optical diffusion element as defined in <3>, characterized in that the optical 
transparent layer is formed in a dry-film laminating method, 

<5> An optical diffusion element as defined in any one of <1> through <4>, characterized in 
that the particle has a mean particle size between 0.5^im ~ 20\xm, 

<6> A display device characterized by using the optical diffusion element as defined in 
any one of <1> through <5>, 

<7> A display device as defined in <6>, characterized in that the optical diffusion element 
is formed within a liquid crystal cell. 
[0008] 

[Embodiments of the invention] 

Tthe optical diffusion element and the display device according to preferred 
embodiments of the present invention will be hereafter described. 
• Method of producing polymer particle • 

As a method of producing particles which comprise more than two components and have 
an ununiform distribution in the particle, it is common to form core-shell latex using 
conventional emulsification polymerization. However, in this case, the fine particles thus 
produced have a particle size of 0.1 nm which is too small to show the optical diffusibility 
that the invention intends. It is necessary for the fine particles to have particle sizes 
between 0.5\im ~ 20jun. In order to produce particles (particle sizes between 0.5\xm ~ 
20nm), various kinds of particles and methods of producing the particles are available. 
[0009] 

For example, a seed polymerization method in which fine particles (which are called 



7 



11-005749 



seed particles) are previously prepared and polymerized with another monomer. The seed 
particles are formed by polymerizing a first monomer using a soap-free emulsification 
polymerization, etc. The seed particles are added with a second monomer so as to be 
polymerized by causing the seed particles to absorb the second monomer, thereby forming 
a distribution in the particles. The second monomer may be added all at once, may be partly 
added separately over several days, or may be added separately but continually. In this 
event, although it is not always that the polymer made of the first monomer concentrates at 
the core and the polymer made of the second monomer concentrates at the shell, it is 
possible to control the seed particles so as to have a desirable morphology by adjusting 
hydrophilic properties of each monomer and an adding rate of the second monomer, (see 
"New Technology And Development Of Use Of Fine Polymer Particles" CMC (1997), 
"Polymer Latex" (New Polymer Library 26), Soichi Muroi and Ikuo Morino, Polymer 
Publishing Society (1988), etc.). 
[0010] 

Further, the first seed particle may be used after a growth to a desired particle size by 
repeating absorption and polymerization of the first monomer. In this manner, it is allowed 
to use a combination of a polymer made of the first monomer and a polymer made of a 
second monomer that are substantially different in refiractivity. In this instance, each of the 
first and second monomers may consist of a single monomer or more that two monomers as 
long as there is a substantial difference in refractivity between a copolymer made of more 
than two first monomers and a copolymer made of more than two second monomers. 
[0011] 
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In addition, the utilization can be made of micro-suspension polymerization. This 
method is used in ordinary suspension polymerization to produce what is called a Grin lens. 
(Yasuhiro Kojima et al, "Applied Optics" Vol. 33 (16), 3394, 1994) In this case, a particle 
that continuously varies in internal refiractivity can be produced by implementing 
suspension polymerization of a monomer Ml added to a water solution of PVA and 
dropping a second monomer M2 for providing a polymer that is substantially different in 
refractivity from a polymer made of the monomer Ml a little later so as to polymerize it, or 
otherwise, by, after having formed particles by suspension polymerization of the monomer 
Ml added to a water solution of PVA, adding an initiator and the monomer M2 and 
polymerizing again. However, in the literary document, the particles have a large particle 
size between 0.5mm ~ 1.1mm with a purpose of usage as a Grin lens. 

Accordingly, In order to use the particles for the optical diffusion element of the present 
invention, the particles can be adjusted to a desired particle size ( for example, between 
0.5nm ~ 20pm) by implementing polymerization of the particles for Grin lens use after 
dispersion by a high share dispersing machine such as a homogenizer (micro-suspension 
polymerization). 
[0012] 

As one of practical examples of the micro-suspension polymerization for forming 
micron-size particles that have a polymer distribution in a particle in the case of using the 
micro-suspension polymerization, an available method is such as to polymerize a monomer 
Ml to approximately 20% first and micro-suspend the reactant solution in an aqueous 
phase for a further growth of polymerization, and then causing polymerization dropping the 
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monomer M2. (F. Michael et al., "Journal of Polymer Science: Part A" Vol. 38, 345(2000)). 
In this instance, in order to adjust to a desired distribution of refractivity, it is necessary to 
select monomers and polymerization conditions. 
[0013] 

There is available a method in which a mixture of a polymer provided by polymerizing a 
monomer Ml and the monomer Ml is micro-suspended in an aqueous phase and a 
monomer M2 is dropped in the micro-suspension for polymerization or a method in which, 
after starting polymerization of the monomer Ml in a micro-suspended state, the monomer 
M2 is dropped in the micro-suspension for polymerization. 

A method using a combination of such monomers that a polymer made of the monomer 
Ml and a polymer made of the monomer M2 are substantially different in refractivity is 
available in the present invention. In this case, each of the monomers Ml and M2 may 
consist of a single kind or more that two kinds of monomers as long as there is a substantial 
difference in refractivity between a copolymer made of a group of the monomers Ml and a 
copolymer made of a group of the monomers M2. 
[0014] 

In particular, the polymer particles favorable to fabricating the optical diffusion element 
of the present invention are desirably produced by a method described below. 

That is, the polymer particles consist of a combination of at least a polymer obtained 
from a first group of monomers and a polymer obtained from a second group of monomers, 
the refractivity of the polymer obtained from the first group of monomers being 
substantially higher than the polymer obtained from the second group of monomers. A 
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polymer of the monomer selected from at least one or each of the first group of monomers 
and the second group of monomers is mixed to a polymerization initiator and the mixture is 
then dispersed in a medium. Thereafter, the monomer selected from selected from the other 
group of monomers is added to the mixture dispersion and polymerized before completion 
of polymerization in a process in which polymer particles are formed through 
polymerization reaction so as thereby to form polymer particles having a mean particle size 
between 0.5|xm ~ 20p,m. 
[0015] 

For forming the polymer particles, at least one or more than one monomer is selected 
from each of the first group of monomers and the second groups of monomers. There is no 
limitation on the combination of kinds of selected monomers as long as a copolymer 
obtained from the first group of monomers selected has a refractivity substantial higher 
than a copolymer obtained from the second group of monomers selected. Practically, the 
difference in refractivity is desirably greater than 0.01, more desirably greater than 0.05 and 
most desirably greater than 0.1. The polymer particle should have a refractivity that may 
vary toward the center and the periphery, or may be higher at the center or lower at the 
periphery, and preferably continuously varies. A change in refractivity of polymer particles 
is desirably continuous. Refractivity of polymer particles obtained from each monomer is 
disclosed in, for example, "Polymer Handbook" (John Wiley & Sons). 
[0016] 

In order to provide a difference of refractivity, employable as the first group of 
monomers are compounds each of which has at least one of an aromatic ring or at least one 
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of a bromine atom, a chlorine atom and a sulfur atom in one molecule and also has at least 
one ethylene double-bond. More specifically, enumerated as the compound are styrene, 
vinyl naphthalene, chlorostyrene, bromostyrene, chloromethylstyrene, methoxystyrene, 
methyl styrene, divinylbenzene, phenyl(meta)acrylate, benzilic(meta)acrylate, benzilic- 
(meta)acrylamide, 2-phenylamide(meta)acrylate, 2-(tribromophenyl)ethyl(meta)acrylate, 
2-(tribromophenyloxy)ethyl(meta)acrylate, 3-(m-methylbromophenoxi)-2-hydroxipropyl- 
(meta)acrylate, 2, 2-bis(4-(meta)acryloyloxyethoxy-3, 5-dibromophenyl)propane, 3-(m- 
methylchlorophenoxy)-2-hydroxypropyl(meta)acrylate, bis(4-metachryloylthiophenyl)- 
sulfide, bis(4-vinylthiophenyl)sulfide, bis(0-(meta)acryloyloxyethylthio)xylene, diallyl- 
phtarate, vinyl chrolide, vinylidene chrolide, benzoic vinyl, chlorobenzoic vinyl, bromo- 
benzoic vinyl, benzoic allyl, chlorobenzoic allyl, bromobenzoic allyl, and the like. These 
monomers may be used independently or in combinations of tow or more than two. 
[0017] 

On the other hand, employable as the second group of monomers are compounds having 
none of an aromatic ring or a bromine atom, a chlorine atom and a sulfur atom in one 
molecule but having at least one ethylene double-bond. The followings are available for the 
compound: alkyl(meta)acrylate, alkylfluoride(meta)acrylate, (meta)acrylic acids, vinyl 
acetates, alkylvinyl ethers, and the like. The alkyl group for the alkyl(meta)acrylate is such 
as methyl, ethyl, n-propyl, i-propyl, n-butyl, I-butyl, t-butyl, hexyl, cyclohexyl, 2-ethyl- 
hexyl and the like. The alkylfluoride group for the alkylfluoride(meta)-acrylate is such as 
(CH2)mCnF2n+l (where m is 0 to 3 and n is 1 to 19), hexachloroisoprpyl, trichloroisoprpyl 
and the like. The alkyl group for the alkylvinyl ethers is such as methyl, ethyl, n-propyl, 
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1- propyl, n-butyl, i-butyl, t-butyl, hexyl, cyclohexyl, 2-ethylhexyl and the like. 

[0018] 

Among combinations of these groups of monomers, it is desirable from the viewpoint of 
polymerization property, solubility, availability, refractivity and the like to select one from 
the group of styrene, substituted styrene, benzyl(meta)acrylate, 2-phenylethyl(meta)acrylate, 

2- (tribromophenyl)ethyl(meta)acrylate, 2-(tribromophenyl- oxy)ethyl(meta)acrylate, bis(4- 
meta-cryroyltiophenyl)sulfide, bis(4-vinyltiophenyl)sulfide and diallylphthalate for the first 
monomer and one from the group of alkyl(meta)acrylates and alkyl(meta)acrylate fluorides 
for the second monomer. 

[0019] 

Employable as the polymerization initiator are conventional thermal polymerization 
initiators and conventional photo-polymerization initiators. For example, azo-type thermal 
polymerization initiators such as 2, 2'-azobisisobutyronitrile and 2, 2'- azobis (2, 4- 
dimethylvaleronitryl) and peroxide type thermal polymerization initiators such as 
benzoylparoxides are available. 
[0020] 

There are compounds available as the photo-polymerization initiator such as compounds 
of bicynal polyketaldonyl disclosed in U.S. Patent No. 2,367,660, compounds of acyloin 
ether disclosed in U.S. Patent No. 2,448,828, aromatic compounds of acyloin ether with 
a-hydrocarbon substitute disclosed in U.S. Patent No. 2,722,521, polynuclear compounds 
of quinone described in U.S. Patents Nos 2,951,758 and 3,046,127, a combination of 
dimerized triarylimidazole and p-aminoketon described in U.S. Patent No. 3,549,367, 
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compounds of benzothiazole and compounds of trihalomethyl-s-triatriazine described in 
Japanese Patent Publicatio No. 51-48516, compounds of trihalomethyl-s- triatriazine 
described in U.S. Patent No. 4,239,850, compounds of trihalomethyloxadiazole described 
in U.S. Patent No. 4,212,976. 
[0021] 

In addition, the followings are available as the photo-polymerization initiator: aromatic 
ketone such as benzophenone, camphaquinone, 4, 4'bis(dimethylamino)benzo- phenone, 
4-methoxy-4'-dimethylaminobenzophenone, 4, 4'-dimethylaminobenzophenone, 4-dimethy 
laminoacetophenone, benzylanthraquinone, 2-tert-butylanthraquinone, 2-methyl- 
anthraquinone, xanthone, thiozanthone, 2-chrorrhioxanthone, 2, 4-diethylthioxanthone, 
fluorenon, acrydon, bisacylphosphinoxides such as bis(2, 4, 6-trimethylbenzoyl)- 
phenylphosphinoxide, acylohosphinoxides such as Lucirin TPO, a-hydroxy- or a-amino- 
acetophenone, a-hydroxycycloalkylphenylketone and dialxyacetophenone; 

[0022] 

benzoin and benzoinether such as benzoinmethylether, benzoinethylether and 
benzoinisoplopylether; dimerized 2, 4 3 6-triallylimidazole such as dimerized 
2-(o-chlorophenyl)4, 5-diphenylimidazole, dimerized 2-(o-chlorophenyl)-4, 5-di(m- 
methoxyphenyl)imidazole, dimerized 2-(o-fluorophenyl)-4, 5-diphenylimidazole, 
dimerized 2-(o-methoxyphenyl>4, 5-diphenyl- imidazole, dimerize 2-(p-methoxy 
phenyl)-4, 5-diphenylimidazole and dimerized 2-(o-chlorophenyl)-4, 5-diphenylimidazole, 
compounds such as described in U.S. Patents Nos.3,784,557, 4,252,887, 4,311,783, 
4,449,349, 4,410,621 and 4,622,286; 
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[0023] 

polyhalogen compounds such as carbon tetrabromide, phenyl tribromomethylsulfone and 
phenyl trichloromethylketone, compounds such as described in Japanese Patent 
Publications Nos. 57-1819 and 57-6069, Japanese Unexamined Patent Publication No. 
59-133428, U.S. Patent No.3,615,455; 
[0024] 

s-triazine derivatives having a trihalogene-substituted methyl group such as 2, 4, 
6-tris(trichloromethyl)-s-triazine, 2-methoxy-4, 6-bis(trichloromethyl)- s-triazine, 
2-amino-4, 6-bis(trichloromethyl)-s-triazine, 2-(pmethoxystylyl)-4 and 6-bis(tri- 
chloromethyl)-s-triazine described in Japanese Unexamined Patent Publication No. 58- 

29803; 

[0025] 

organic peroxides such as methylethylketone peroxides, cyclohexanone peroxides, 3, 3, 
5-trimethylcyclohexanone peroxides, benzoyl peroxides, ditacyaly-butyl diperoxi- 
isophthalate, 2, 5-dimethyl-2, 5-di(benzoilperoxi) hexane, tacyaly-butylperoxibenzoate, a, 
a'-bis(tacyaly-butylperoxiisopropyl)benzene, dicumilperoxide, and 3, 3', 4, 4'-tetra 
(tacyalyibutylperoxicarbonyl)benzophenone described in Japanese Unexamined Patent 
Publication No. 59-189340; 
[0026] 

azinium salts described in U.S. Patent No. 4,743,530; organic boron compounds; 
phenylglyoxalic acid esters such as phenylglyoxalic acid methyl esters; titanosens such as 
bis(r| 5 -2, 4-cyclopentadien-l-yl)-bis(2, 6-difuloro-3-(lH-pyrol-l-yl>- phenyl)titanium; iron 
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allene complexes such as n 5 -2, 4-cyclopentadienyl-Ti 6 -cumenyl-iron-(l+)-hexa£luoro- 
phosphate(l-); diallyliodonium salts such as diphenyliodonium salts; and triallylsulfonates 
such as triphenylsulfonium. 
[0027] 

More detailed examples of compounds employable as the photo-polymarization initiator 
or other types of photo-polymarization initiators are known at phrase [0067]~[0132] of 
Japanese Unexamined Patent Publication No. 10-45816. 
[0028] 

Combinations of more than two compounds may be employed as the 
photo-polymerization initiator. For example, desirable combinations are a combination of 
dimerized 2, 4, 5-triallylimidazole and mercaptobenzoxazole, a combination of 4, 
4'-bis(dimethylamino)benzophenone, benzophenone and benzoinmethylether such as 
described in U.S. Patent No.3,427,161, a combination of benzoyl-N-methylnaphtho- 
thiazoline and 2, 4-bis(trichloromethyl)-6-(4'-methoxyphenyl)-triazole such as described in 
U.S. Patent No.4,239,850, a combination of dialkylamino benzoates and dimethyl- 
thioxanthone such as described in Japanese Unexamined Patent Publication No. 57-23602, 
and a combination of 4, 4'-bis(dimethyl- amino)benzophenone, benzophenone and 
polyhalogenide methyl compound such as described in Japanese Unexamined Patent 
Publication No. 59-78339. 
[0029] 

In the case of the photo-polymerization initiator comprising more than two materials, it 
is desirable to use a combination of 4, 4'-bis(dimethylamino)benzophenone and 
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benzophenone, a combination of 2, 4-diethylthioxanthone and 4-dimethylamino benzoethyl, 
or a combination of 4, 4'bis(diethylamino)benzophenone and dimerized 2, 4, 5-tri- 
ally limidazole. 
[0030] 

A chain transfer agent may be employed. There are available a mercaptan type of chain 
transfer agents such a dodecylmercaptan, octylmercaptan and mercaptoacrtic acid, a sulfide 
type of chain transfer agents such as dibutylsulfide and dibutyldisulfide, a halogen type of 
chain transfer agents such as carbon tetrachloride, chloroform, carbon tetrabromide and 
butylbromide, and an amine type of chain transfer agents such as triethylamine and 
butylamine. This chain transfer agent may be mixed with the mixture of monomers selected 
from first and second groups of monomers, polymers made of the selected first and second 
monomers and a polymerization initiator or with a monomer selected from the first or 
second groups of monomers, or with the both. There is no limitation on the amount of 
addition. It is desirable to add the chain transfer agent approximately 0.01 to 30 mol %, 
more desirably approximately 0.05 to 20 mol %, and most desirably approximately 0.1 to 
15 mol %, with respect to the total amount of monomers. 

It may be allowed to add a solvent into a monomer liquid or a mixture liquid of 
monomers and polymers if desirable. 
[0031] 

As a dispersing medium for polymerization of the monomers, polymers and a 
polymerization initiator, water or aqueous mediums are desirable. The aqueous medium is 
predominantly water and contains at least one of a water soluble solvent such as methanol, 



17 



11-005749 



ethanol, acetone and tetrahydrofuran, a water soluble polymer such as polyvinyl alcohol, 
poly(sodium acrylate), gelatin, methylhydroxycellulose and polyethylene glycols, and a 
surface active agent such as dodecyl benzensulfonic acid. These components are selected in 
order to provide dispersivity of the particles and to adjust a mean size of the particles in 
consideration of a combination with applied monomers. 
[0032] 

In the present invention, in the particle forming process, a polymer made of a monomer 
or monomers selected from one of the first and second groups are used together with the 
selected monomers and a polymerization initiator. The mean size of particles can desirably 
be adjusted by selecting a specific mean molecular weight of the polymer, a weight ratio of 
the polymer relative to the first group monomer or the second group monomer, and 
dispersing conditions (dispersing apparatus, a sped of rotation, a time of dispersion, etc.). 
Though the combination of these conditions can nor be indiscriminately determined, it is 
desirable to employ a specific mean molecular weight of 2000 ~ four hundreds thousands, 
and desirably 2000 ~ one hundred thousands, a weight ratio of the polymer relative to the 
first group monomer or the second group monomer of 5 ~ 80/95 ~ 20, and desirably 5 ~ 
50/95 ~ 5. For dispersion, conventional dispersing apparatus such as a modiniser and a bead 
mill may be used under proper dispersing conditions. 
[0033] 

In this manner, a dispersion mixture of a polymer made of a monomer or monomers 
selected from one of the first and second groups, the selected monomers and a 
polymerization initiator is obtained. The mean size of dispersed particles, which has an 
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influence on the size of optical diffusion particles as a final product, is desirable between 
0.1 nm - 40^im, and more desirable between O.fytm ~~ lOjun. 
[0034] 

Subsequently, polymerization of the dispersion mixture is started. The dispersion 
mixture is heated when it contains a thermal polymerization initiator or exposed to light 
when it contains a photo-polymerization initiator. The polymerization process is desirably 
performed in a nitrogen stream in order to control a halt of polymerization. In the 
polymerization process, a monomer or monomers selected from another monomer group 
(the second monomer group when the monomer used in the first step is of the first 
monomer group or, on the contrary, the first monomer group when the monomer used in 
the first step is of the second monomer group) is added into the dispersion mixture. The 
monomer is desirably added continually but may be added all at once or little by little at 
several times. 
[0035] 

The dropping of the monomer may be started at the same time of a start of a first step 
polymerization of the monomer or at an interval of time from a start of a first step 
polymerization of the monomer and is desirably started before substantial completion of the 
first step polymerization of the monomer. It can be determined on the basis of a 
polymerizing time, a state of dispersing liquid, viscosity a residual amount of monomer and 
the like whether the first step polymerization has substantially been completed. In the case 
where the determination is made on the basis of a polymerizing time, a guide line of the 
polymerizing time is approximately 2-6 hours, and preferably 2-5 hours but depends on 
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other polymerizing conditions. Though there is no limitation on the speed of dropping a 
monomer, it is desirable to drop the whole amount of monomer within 10 minutes ~ 3 
hours. 

The polymer particle produced through these steps has refractivity substantially different 
between the center and the periphery thereof and a mean particle size between 0.5pm - 
20pm, more desirably between 1pm ~ 10pm, and most preferably between lpm ~ 5pm. If 
the mean size of the polymer particles is lower than 0.5pm, the polymer particles are not 
effective in the diffusion of light. On the other hand, if the mean size of the polymer 
particles is higher than 20pm, the polymer particles make a resin film too thick or make the 
resin film surface uneven. As a result, such polymer particles are undesirable as optical 
diffusion particles because they are hardly distributable in a liquid crystal cell. 
[0036] 

In the polymerization process, the shell of the polymer particle is formed through 
polymerization of the monomer that is dropped. The glass transition temperature of the 
polymer forming the shell is desirably lower than 100°C from the viewpoint of self-fusion 
between particles formed in the particle forming process, and more desirably between 50°C 
~ 90°C. From these viewpoints, it desirable to employ as the monomer to be dropped in the 
polymerizing process ethylmetacrylate, cyclohexylmetacrylate, 2-ethylhexylthetacrylate or 
trifuloroethylmetacrylate. 

[0037] 
• Optical diffusion element ■ 
Employable as a method of producing the optical diffusion element of the present 
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invention is the process of preparing the polymer dispersion obtained in the step of 
polymerization of the optical diffusive particles so as to contain a specified particle size of 
particles by the use of a specified mesh of filter fabric and coating and drying the polymer 
dispersion on a transparent substrate such as a glass, a tricellulose acetate film, a 
polyethylene terephtharate film, a polymethyl metacrylate film, a norubolnene film and a 
polycarbonate film and the like. The drying process forms a diffusion layer with the 
polymer particles bonded together through self-fusion and closely crowded therein. The 
polymer dispersion can be coated by a conventional coating method such as a wire bar 
coating, an extrusion coating, a doctor blade coating, a spin coating, a slit dye coating and 
the like. Further, the polymer dispersion may be coated on a temporary support and dried, 
and thereafter dry-laminated on a desired substrate by dry-laminating. 
[0038] 

The term "self-fusion" as used herein shall mean and refer to the state that polymer 
particles are interfused together in a form of multiple players. Accordingly, in the case 
where a water soluble polymer is used as a dispersion stabilizing agent in the 
polymerization process, the term "self-fusion" covers the state that polymers forming shells 
of polymer particles are heated and interfused together. The optical diffusion layer that is 
formed by the self-fusion of polymer particles does not cause a light transmission loss due 
to light scattering and depolarization that are common with optical diffusion layers in 
which there is produced an interface between outer shells of polymer particles and a binder 
for interfusing the polymer particles. When the optical diffusion element has no 
depolarization, the optical diffusion element can be disposed on the inside of a polarization 
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film or in the inside of a cell of LCD. The display element can have an improved resolution 
due to less blurring of an image as the optical diffusion element is positioned as closer to 
liquid crystal pixels as possible. 
[0039] 

Although the optical diffusion element produces an optical diffusion effect when 
polymer particles are laid in a single row in a direction of thickness of the element, the 
optical diffusion element is desirably layered so that polymer particles are laid in a plurality 
of, for example five to ten, rows in the direction of thickness of the element. 
[0040] 

In addition, the optical diffusion layer can be stratified due to the self-interfusion 
bonding of polymer particles without using a binder and, as a result, optical diffusion layer 
having a high distribution density can be formed. Therefore, the optical diffusion element 
can be provided with a high diffusion effect and can be made as a thin film. The thinned 
optical diffusion element is effective in order to secure orientation of a liquid crystal on the 
inside of a liquid crystal cell but desired to have a surface as flat and smooth as possible. 
For making the surface of the optical diffusion element flat and smooth, it is desirable to 
form a stratified optical diffusion layer adjacent to and in contact with a surface of the plane 
on which an optically transparent layer is formed self-fusion bonding of the polymer 
particles to one another. 
[0041] 

Generally, in the case where an optical diffusion layer is formed by self-fused polymer 
particles, when a transparent film is coated or laminated on the optical diffusion layer, 



22 



11-005749 

whitish luster due to surface scattering is removed by surface irregularities. Since it is 
observed through a cross Nicol that the surface scattering is somewhat depolarized, it is 
desirable to laminate the transparent film in order to place surface scattering inside a 
polarization film. However it is possibly favorable to place it on the outside of the 
polarization film because it rather spontaneously develops an anti-glare (a regular reflection 
prevention) effect. 

There are two types of LCD, transmissive type and reflection type, the optical diffusion 
element of the present invention can be applied to both types of LCD and is characterized 
by not losing brightness and widening an angle of view, in particular, by not disordering 
color gradation balance. Further, these effects are enhanced by using it together with a 
collimated light source. 
[0042] 

The optical diffusion element may be provided with a hard coat layer, an 
anti-contamination layer, an anti-reflection layer, anti-glare layer, a flattening layer, an 
adhesion layer or an anti-static layer on either one or both of the opposite surfaces. 
[0043] 
[Embodiments] 

Although the following explanation will be given in connection with embodiments of the 
present invention, nevertheless, the present invention is not in any way limited by these 
embodiments. Unless otherwise noticed, the term "part" shall mean "weight part." 

Hereafter, evaluations on example optical diffusion elements and comparative optical 
diffusion elements were made as follows: 
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A dispersing material of polymer particles prepared for each of synthetic examples and 
comparative examples was coated on a non-orientated triacetate film so as to have a 10 
g/m 2 of solid content and heated and dried at 120°C in an oven. The coated material was 
partly laminated with a transparent dry laminate film (a copolymer having a component 
ratio in mol % of methacrylic acid : methyl methacrylate : ethyl hexylacrylate : benzilic 
methacrylate = 28.8 : 55 : 11.7 : 4.5) of 15pm thickness. 

[0044] 
[Evaluation method] 

Hereafter, the example elements and the comparative elements were evaluated on the 
basis of the following items in a five point system. A greater point indicates a higher 
quality. 

(Filming property) : The outer appearance of the film was visually observed. The 

element was evaluated to be more favorable as the film 
appearance is more uniform. 
(Back scattering) : The film attached onto a black specular plate was visually 

observed from the above. The element was evaluated to be 
more favorable as the film was more black. 
(Optical difflisibility) : The element secured onto a film with aluminum coated by 

evaporation was observed from the above. The element was 
evaluated to be more favorable as the element looked more 
white as a result of losing metallic luster. 
(Depolarization) : The element was secured onto a film with aluminum coated by 
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evaporation and provided with a 1/4 X-plate and a linear 
polarizing plate secured in this order onto the element so as to 
cut specular reflection light completely. The element was 
evaluated to be more favorable as it looked more black. 

[0045] 

[Synthetic Example 1] 

A mixture was prepared by adding a uniform solution of one part of polystyrene 
oligomer (specific mean molecular weight: 5000), 9.0 parts of styrene, 0.35 parts of 
dodecyl mercaptan and 0.21 parts of 2, 2'-azobis(2, 4-dimethylvaleronitrile) (V-65 
distributed by Wako Junyaku Co., Ltd.) to 40.0 parts of 1.25 weight % PVA aqueous 
solution (PVA-205 distributed by Kurare Co., Ltd.) and then treated for dispersion for five 
minutes in a homogenizer rotating at 10,000 rpm. The resultant dispersion was heated to an 
internal temperature of 60°C while being stirred at 400 rpm in a nitrogen stream so as to 
start polymerization. After a lapse of 30 minutes from the temperature rise, ten parts of 
ethyl methacrylate was dropped into the dispersion taking one hour and the polymerization 
was continued for four hours. A dispersion of polymer particles was prepared by filtering 
the reacted liquid through a 100 mesh filter fabric. The mean particle size was 2.4jim, and 
the glass transition temperature of the periphery of the polymer particle was 65°C. 

[0046] 
[Synthetic Example 2] 

A dispersion of polymer particles was prepared in the same manner as Synthetic 
Example 1 except using 4.75 parts of ethyl methacrylate and 0.25 parts of methacrylic acid 
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as a substitute for ten parts of ethyl methacrylate and changing a dropping time from One 
hour to 30 minutes. The mean particle size was 4.1pm, and the glass transition temperature 
of the periphery of the polymer particle was 71°C. 

[0047] 
[Synthetic Example 3] 

A mixture was prepared by adding a uniform solution of one part of polybenzil 
methacrylate (specific mean molecular weight: 10,000), 9.0 parts of benzil methacrylate, 
0.20 parts of dodecyl mercaptan and 0.13 parts of 2, 2'-azobis(2, 4-dimethylvaleronitrile) 
(V-65 distributed by Wako Jyunyaku Co., Ltd.) to 40.0 parts of 1.25 weight % PVA 
aqueous solution (PVA-205 distributed by Kurare Co., Ltd.). The mixture was subjected to 
a dispersing treatment for five minutes in a homogenizer rotating at 10,000 rpm. The 
resultant dispersion was heated to a temperature of 60°C while being stirred at 400 rpm in a 
nitrogen stream so as to start polymerization. After a lapse of 30 minutes from the 
temperature rise, five parts of ethyl methacrylate was dropped into the dispersion taking 30 
minutes and the polymerization was continued for four hours. A dispersion of polymer 
particles was prepared by filtering the product of the reacted liquid through a 100 mesh 
filter fabric. The mean particle size was 3.1pm, and the glass transition temperature of the 
periphery of the polymer particle was 65°C. 

[0048] 
[Synthetic Example 4] 

A dispersion of polymer particles was prepared in the same manner as Synthetic 
Example 3 except dropping five parts of ethyl methacrylate taking 30 minutes not after a 
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lapse of 30 minutes from after the temperature rise to 60°C but immediately after the 
temperature rise to 60°C. The mean particle size was 2.7pm, and the glass transition 
temperature of the periphery of the polymer particle was 65°C. 

[0049] 
[Synthetic Example 5] 

A mixture was prepared by adding a uniform solution of 10.0 parts of benzil 
methacrylate, 0.20 parts of dodecyl mercaptan and 0.13 parts of 2, 2'-azobis(2, 
4-dimethylvaleronitrile) (V-65 distributed by Wako Jyunyaku Co., Ltd.) to 40.0 parts of 
1.25 weight % PVA aqueous solution (PVA-205 distributed by Kurare Co., Ltd.). The 
mixture was subjected to a dispersing treatment for five minutes in a homogenizer rotating 
at 3,000 rpm. The resultant dispersion was heated to a temperature of 60°C while being 
stirred at 400 rpm in a nitrogen stream, so as to start polymerization. After a lapse of 30 
minutes from the temperature rise, five parts of ethyl methacrylate was dropped into the 
dispersion taking 30 minutes and the polymerization was continued for four hours. A 
dispersion of polymer particles was prepared by filtering the product of the reacted liquid 
through a 100 mesh filter fabric. The mean particle size was 1.9pm, and the glass transition 
temperature of the periphery of the polymer particle was 65°C. 
[0050] 

[Comparative Synthetic Example 1] 

A mixture was prepared by adding a uniform solution of 10.0 parts of styrene, 0.35 parts 
of dodecyl mercaptan and 0.21 parts of 2, 2'-azobis(2, 4-dimethylvaleronitrile) (V-65 
distributed by Wako Jyunyaku Co., Ltd.) to 40.0 parts of 1.25 weight % PVA aqueous 
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solution (PVA-205 distributed by Kurare Co., Ltd.). The mixture was subjected to a 
dispersing treatment for five minutes in a homogenizer rotating at 10,000 rpm. The 
resultant dispersion was heated to a temperature of 60°C while being stirred at 400 rpm in a 
nitrogen stream, so as to start polymerization. After a lapse of 30 minutes from the 
temperature rise, five parts of ethyl methacrylate was dropped into the dispersion taking 
one hour and the polymerization was continued for four hours. A dispersion of polymer 
particles was prepared by filtering the product of the reacted liquid through a 100 mesh 
filter fabric. The mean particle size was 0.10|xm, and the glass transition temperature of the 
periphery of the polymer particle was 65°C. 
[0051] 

[Comparative Synthetic Example 2] 

A mixture was prepared by adding a uniform solution of 1.0 parts of polystyrene 
oligomer (specific mean molecular weight: 5000), 9.0 parts of styrene, 0.35 parts of 
dodecyl mercaptan and 0.21 parts of 2, 2'-azobis(2, 4-dimethylvaleronitrile) (V-65 
distributed by Wako Jyunyaku Co., Ltd.) to 40.0 parts of 1.25 weight % PVA aqueous 
solution (PVA-205 distributed by Kurare Co., Ltd.). The mixture was subjected to a 
dispersing treatment for five minutes in a homogenizer rotating at 10,000 rpm. The 
resultant dispersion was heated to a temperature of 60°C while being stirred at 400 rpm in a 
nitrogen stream so as to continue polymerization for six hours. A dispersion of polymer 
particles was prepared by filtering the product of the reacted liquid through a 100 mesh 
filter fabric. The mean particle size was 3.2^m, and the glass transition temperature of the 
periphery of the polymer particle was 65°C. 



28 



11-005749 



[0052] 

[Comparative Synthetic Example 3] 

A mixture was prepared by adding a uniform solution of 1.0 parts of polystyrene 
oligomer (specific mean molecular weight: 5000), 9.0 parts of styrene, 10.0 parts of ethyl 
methacrylate, 0.35 parts of dodecyl mercaptan and 0.21 parts of 2, 2'-azobis(2, 
4-dimethylvaleronitrile) (V-65 distributed by Wako Jyunyaku Co., Ltd.) to 80.0 parts of 
1.25 weight % PVA aqueous solution (PVA-205 distributed by Kurare Co., Ltd.). The 
mixture was subjected to a dispersing treatment for five minutes in a homogenizer rotating 
at 10,000 rpm. The resultant dispersion was heated to a temperature of 60°C while being 
stirred at 400 rpm in a nitrogen stream so as to continue polymerization for six hours. A 
dispersion of polymer particles was prepared by filtering the product of the reacted liquid 
through a 100 mesh filter fabric. The mean particle size was 3.70^tm, and the glass 
transition temperature of the periphery of the polymer particle was 82°C. 
[0053] 

[Comparative Synthetic Example 4] 

A mixture was prepared by adding a uniform solution of one part of polybenzil 
methacrylate (specific mean molecular weight: 10,000), 9.0 parts of benzil methacrylate, 
0.20 parts of dodecyl mercaptan and 0.13 parts of 2, 2'-azobis(2, 4-dimethylvaleronitrile) 
(V-65 distributed by Wako Jyunyaku Co., Ltd.) to 40.0 parts of 1.25 weight % PVA 
aqueous solution (PVA-205 distributed by Kurare Co., Ltd.). The mixture was subjected to 
a dispersing treatment for five minutes in a homogenizer rotating at 10,000 rpm. The 
resultant dispersion was heated to a temperature of 60°C while being stirred at 400 rpm in a 
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nitrogen stream so as to continue polymerization for six hours. A dispersion of polymer 
particles was prepared by filtering the product of the reacted liquid through a 100 mesh 
filter fabric. The mean particle size was 2.8pm, and the glass transition temperature of the 
periphery of the polymer particle was 54°C. 
[0054] 

[Comparative Synthetic Example 5] 

A mixture was prepared by adding a uniform solution of one part of polybenzil 
methacrylate (specific mean molecular weight: 10,000), 9.0 parts of benzil methacrylate, 
5.0 parts of ethyl methacrylate, 0.20 parts of dodecyl mercaptan and 0.13 parts of 2, 
2'-azobis(2, 4-dimethylvaleronitrile) (V-65 distributed by Wako Jyunyaku Co., Ltd.) to 
60.0 parts of 1.25 weight % PVA aqueous solution (PVA-205 distributed by Kurare Co., 
Ltd.). The mixture was subjected to a dispersing treatment for five minutes in a 
homogenizer rotating at 10,000 rpm. The resultant dispersion was heated to a temperature 
of 60°C while being stirred at 400 rpm in a nitrogen stream so as to continue 
polymerization for six hours. A dispersion of polymer particles was prepared by filtering 
the product of the reacted liquid through a 100 mesh filter fabric. The mean particle size 
was 2.5|im, and the glass transition temperature of the periphery of the polymer particle 
was 59°C. 

[0055] 

[Comparative Synthetic Example 6] 

A mixture was prepared by adding a uniform solution of one part of polybenzil 
methacrylate (specific mean molecular weight: 10,000), 9.0 parts of benzil methacrylate, 
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0.20 parts of dodecyl mercaptan and 0.13 parts of 2, 2'-azobis(2, 4-dimethylvaleronitrile) 
(V-65 distributed by Wako Jyunyaku Co., Ltd.) to 60.0 parts of 1.25 weight % PVA 
aqueous solution (PVA-205 distributed by Kurare Co., Ltd.). The mixture was subjected to 
a dispersing treatment for five minutes in a homogenizer rotating at 10,000 rpm. A uniform 
solution of 5.0 parts of ethyl methacrylate, 0.17 parts of dodecyl mercaptan and 0.11 parts 
of 2, 2'-azobis(2, 4-dimethylvaleronitrile) (V-65 distributed by Wako Jyunyaku Co., Ltd.) 
was dropped into the dispersion and stirred at a room temperature for two hours. The 
resultant dispersion was heated to a temperature of 60°C while being stirred at 400 rpm in a 
nitrogen stream so as to continue polymerization for six hours. A dispersion of polymer 
particles was prepared by filtering the product of the reacted liquid through a 100 mesh 
filter fabric. The mean particle size was 2.7pm, and the glass transition temperature of the 
periphery of the polymer particle was 65°C. 
[0056] 

The result of evaluation is shown in Table 1 . 
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[0057] 

As shown in Table 1, the optical diffusion elements of the present invention are superior 
in all of filming property, back scattering, optical diffusibility and depolarization. On the 
other hand, the optical diffusion elements of the comparative examples are inferior in any 
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one of filming property, back scattering, optical diffusibility and depolarization. 

[0058] 
Embodiment 6 

A liquid crystal cell of a reflection type liquid crystal display with a cholesteric color 
filter incorporated therein that has a laminated film prepared in Example 3 interposed 
between a l/4X-plate and a liquid crystal cell provides a more greatly widened angle of 
view, causes less specular reflection of light that is peculiar to cholesteric, and provides 
more favorable visibility as compared with a reflection type liquid crystal display that has 
no laminated film. On the other hand, a liquid crystal display with a film coated, 
multi-layered and laminated in the same manner as Example 3 except mixing polymer 
particles used in Example 3 and an emulsion of an independent polymer of polyethyl 
methacrylate (particle size: 0.1 ym) so as to have a solid content weight ration of 1 : 2 that 
was interposed between a l/4X-plate and a liquid crystal cell showed almost no 
improvement of angle of view. 
[0059] 
[Effect of the invention] 

The optical diffusion element of the present invention is excellent at all of filming 
property, back scattering, optical diffusibility and depolarization, and a display device 
incorporating the optical diffusion element can have a wide angle of view without causing a 
light loss and is prevented from depolarization. 
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[Name of document] ABSTRACT 
[Abstract] 

[Object] To provide an optical diffusion element that secures optical diffusibility while 
restraining back scattering as much as possible and is capable of being made as a thin 
film and a display device that has a widened angle of view without causing a light loss 
and is not accompanied by depolarization. 
[Solution] 

An optical diffusion element obtained by causing polymer particles, each of which changes in refractivity 
from the center to the periphery thereof to bond together through self-fusion. The particle has a glass 
transition temperature that is desirably lower than 100°C and it is preferred to form an optically transparent 
layer adjacent to and in contact with either one of opposite surfaces of a layer of the particles bonded 
through self-fusion. The display device is structured using the optical diffusion element. 
[Selected drawing] None 



